/3-endorphin and/3-LPH, a rise that is facilitated by training. Menstrual dysfunction is a common finding in highly-trained female athletes and the observations of Can-et al., while still preliminary, suggest that this effect of vigorous physical training on the menstrual cycle may be mediated by the release of opioid peptides.
Peptides in cerebrospinal fluid
A number of peptides have been detected in human cerebrospinal fluid (CSF) by radioimmunoassay (see Table lIl ). The origin and function of these peptides in CSF remains speculative. CSF may be an important route of removal for substances released into brain extracellular space. It is also possible that the CSF serves as a route of transport lot peptides from one area of brain to another. Two observations would favor pcptides in CSF having a separate role fronl peptides released into the blood stream. The first is that of Reppert et al. ~4 who found that vasopressin exhibits a rhythmic daily pattern in CSF which is quite different from the pattern of release into blood. The second is the marked difference in effect produced by intraventricular as opposed to intravenous administration of peptides. Even within the ventrieular system, site specific differences are seen. This is best exemplified by angiotensin. Infusion of angiotensin into the vertebral artery produces a pressor effect which is entirel5 blocked by ablation of the area postrema. Infusion into the fourth ventricle over the area postrema has no effect; however, administration into the third ventricle produces both a pressor and a dipsogenic response.
Several investigators have stated that markedly elevated CSF levels of anterior pituitary hormones in patients with pituitary, tumor are indicative of suprasellar extension. Braunstein and colleagues ~ have questioned these data. They studied 13 patients with pituitary tumors without suprasellar extension. 12 with suprasellar extension and 5 patients with primary suprasellar tumors. Elevation of anterior pituitary hormone levels in CSF were not specific for suprasellar extension.
One concern in the study of CSF peptides is the question of uniformity of levels through the neuraxis as the distribution of total proteins and biogenic amines and their metabolites is nonhomogeneous. Latvalaet al. ~ studied this question with regard to prolactin and found no difference between ventricular, cisternal and lumbar levels. This may reflect the fact that CSF prolactin probably only reflecls the concentration of the hormone in serum = .
Reading list
The application of principles of robot arm control to biological arm movement control rests on the premise that at a certain level of abstraction, since the problems are common to both the artificial and the biological systems, the solutions will be too. For example, both systems are required to propel linked masses in a gravity field to achieve a goal, such as grasping or throwing an object. In addition, while producing such an arm trajectory each system must satisfy the mechanical constraints imposed by joint geometry. The solution must also satisfy the physical constraints imposed by tasks such as opening a door or sliding a drawer. To be sure, at some point the trajectory plan must be transformed into signals appropriate for motors or muscles, but these differences should not obscure underlying similarity imposed by natural constraints.
Considerable progress has been made in the past 15 years in understanding control of robot arm movement. Abstract consideration of problems encountered in achieving a trajectory has led to theoretical insights which can be translated into general control strategies. Moreover, attempting to program a computer to control a robot arm forces one to tace squarely every difficult)' and hidden assumption. Lastly, it is possible to test a control strategy in a way not possible with biological organisms. Out of this work has emerged a conceptual structure for the general planning and control of movement. This conceptual structure and resultant hypotheses for biological motor control will now be discussed.
Object level planning
A hierarchical movement plan is developed at three levels of abstraction (Fig. 1 ) . The top level is the object level, where a task command, such as "pick up the cup', is converted into a planned trajectory for the hand or for the object held b) the hand. At the joint level the object trajectory is converted to co-ordinated control of the multiple joints of the human or robotic arm. At the actuator level the joint movements are converted to appropriate motor or muscle activations.
